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GOAL Genetic variability in Great Lakes Dreissenid mussel experiments

Cyanobacterial harmful Algal Blooms (HABs) are a significant threat to water _ Micr ocys tis populations
quality and potentially human health in the Great Lakes. In addition to
contributing to hypoxia, degrading recreational value and disrupting food
webs, HABs also may produce toxins that are detrimental to animal and
human health. As a source of drinking and recreational water for as many as 40
million US and Canadian citizens, these toxins are of significant concern.
Bloom toxicity can vary with environmental conditions and strain composition
and the degree of toxicity may change over a bloom season. Clearly, the health
effects of a HAB bloom are related to toxicity and early detection of the onset
of a toxic bloom allows better management and protection of human health.

Impacts of dreissenid mussels on Microcystis bloom toxicity

Determine if dreissenid mussels differentiate between toxic and nontoxic cells during
grazing:
1) 4 hr feeding experiment in which a single quagga mussel 1s exposed to a natural
assemblage of Microcystis (collected from Saginaw Bay).
2) Control - natural seston alone and no quagga mussels.

3) Microcystis population sampled before and after feeding

Saginaw
Bay

- collect two size fractions: >53 um for whole colonies; < 53 um for single cells.

4) Quantitative PCR for cpc and mcyB to determine if the quagga mussel feeding
impacts the ratio of toxic:nontoxic cells in the seston.

The goals of this work are to use novel molecular techniques to:

Western Erie

- Rapidly detect apd quantify t.oxic cyanobac?erial HAB species 1n QGreat Western Lake Erie and Saginaw Bay (Lake Microcystis bloom in western Lake Erie
Lakes waters using for drinking and recreation, with particular focus on early Huron) are the regions most impacted by summer 2009 Experiment
detection of toxic blooms Microcystis blooms in the lower Great Lakes. ' set up and
sampling for
- Identify ecological factors stimulating bloom toxicity, particularly the role of quagga
dreissenid mussels. Seasonal changes in bloom tOXiCity musgel
grazing
Determined the percentage of the Microcystis population that is comprised of toxic experiment.

cells throughout a western Erie bloom season (2 sites, summer 2009).

1) quantitative PCR of the cpc genes: total number of Microcystis cells.

2) quantitative PCR of the mcyB gene: number of toxic Microcystis cells.
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Figure 4. Percentage of toxic
®Quagga Microcystis cells present before
and after 4 hr of quagga mussel
feeding. Control beakers had no
quagga mussels present. The
% of toxic cells increased after
mussel feeding in both the >53
um and <53 um fractions, while
remaining the same in the
control beakers.
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Microcystis aeruginosa Anabaena sp. Planktothrix sp. toxic cells during 2009 bloom
40 “WET  season at two western Erie

' sites. Note that during the later
Molecu Iar TOOIS 30 stages of the bloom that there

' are more nontoxic cells present.
Toxic and nontoxic cyanobacterial HAB cells cannot be differentiated g
morphologically and thus traditional microscopy-based methods are not 10
sufficient for identifying toxic blooms. Bloom toxicity can be assessed by *

0 - . .

D
(=)

W
(e

(8]
)
1

% of Microcystis colonies with mcyB
S

% of Microcystis colonies with mcyB
N
(e

detection of the toxin, but this does not provide information on which HAB 21Jduly  28Juy  3Aug  11Aug  8Sept 22Sept 10t 10~
species 1s responsible for its production, since multiple species can produce the * Sample not collected .
samg toxin. H(.)WGV.CI‘, cach HAB strain has a unique genetic s1gnatqre and .'[OXIC Spatial variability in population composition Initial >53um Final >53um Initial <53um Final <53um
strains can be identified based on the presence of the genes controlling toxin . . S . o
production. Characterized the genetic variability in toxic Microcystis populations 1n western Sign ificant results
_ . . o . _ Erie and Saginaw Bay through DNA sequencing of mcyB from bloom samples.
The genetics behind toxin production is best understood for microcystin. _____ ~ 1) The percentage of the Microcystis population comprised of toxic strains
Microcystin producing cyanobactérla, 1ncl.ud1ng Mzc.'rocystzs, con.tal.n a multiple o ElE changes over the course of the bloom season. Bloom toxicity peaks at mid-
gene operon, mcy, that gontrols mlcrocyst.m synthesis (Fig. 1). Similar mcy 6{- et 23 Fig. 3 Phylogenetic tree of mcyB summer and moves towards more nontoxic strains during the end of the bloom.
operons are also found in the cyanobacterial HAB genera Planktothrix and o O oo sequences isolated from Saginaw Bay . o . . . .
Anabaena, also both commonly found in the eutrophic regions of the Great | - [es s g‘i_gh(':]gh:ﬁ_d |'I]T %e!'o‘t’)"l) a;‘do";’ﬁStem Lake 2) There are genetically distinct populations of toxic Microcystis in Saginaw Bay
ol ' ' ' & i By A ric (nighlighted In biue). LAher d western Lake Erie, with one population residing mostly in Saginaw Ba
Lakes. The mcyB gene was chosen since it contains a higher degree of genetic 0| Saginaw Bay Adw3 > Microcvsti and wes ; pop g y g y
' — ystis sequences are from . , , , NG , ,

variability, useful for differentiating between strains, but enough conservation to LMug,,-,,osa o GenBank and accession numbers are (cluster I). Planktothrix (a microcystin-producing cyanobacteria) is primarily
also design primers to detect all Microcystis. Both toxic and nontoxic e I givert‘ i”tﬁareggq/eses' .Bg9t5:raclp \;alueﬁ present in western Erie.
Microcystis can be 1dentified and quantified using a marker common to all [ Ere B2 e e o : : - - :

' . | . [Saginaw Bay AZW-T ] node. The three clusters indicate distinct 3) Dreissenid mussel grazing could select for toxic blooms by not consuming
cyanobacteria, the genes regulating phycocyanin production: cpcB and cpcA. — Méﬁstzg e / populations of microcystin-producing toxic strains

SN T cyanobacteria. '

. . . . Microcystis aeruginosa (AB092806)
PCR, quantitative PCR and DNA sequencing targeting the mcyB and cpc genes Saginaw Bay 813 h
were used to detect and quantify microcystin-producing HABs R W Cluster | — Microcystis Future work

. 7 41Microcystis aeruginosa (AJ492552) miX Of SaginaW Bay and Erie Strains
i e evar. e > | C|UStert||| —S/W?f OCySél‘iS - 1) Develop molecular probes for mcyB based on knowledge of genetic
aginaw Bay C5- MmosS aginaw bay strains . eqe .
I< mcyD L‘:’gﬁlaw o y a9 Y variability for use in future buoy-based sensors.
— Saginaw Bay C5-5 Cluster lll — Planktothrix
Fig. 1 mcy operon controlling microcystin production in Microcystis Soginaw Bay Aavs D all Erie strains 2) Use gene expression assays to determine if dreissenid mussels and/or
o (e } " other ecological factors upregulate microcystin production in cells.
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